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Curving and looping of the internal carotid artery in relation
to the pharynx: frequency, embryology and clinical

implications
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ABSTRACT

Variations of the course of the internal carotid artery in the parapharyngeal space and their frequency were
studied in order to determine possible risks for acute haemorrhage during pharyngeal surgery and traumatic
events, as well as their possible relevance to cerebrovascular disease. The course of the internal carotid
artery showed no curvature in 191 cases, but in 74 cases it had a medial, lateral or ventrocaudal curve, and
17 preparations showed kinking (12) or coiling (5) out of a total of 265 dissected carotid sheaths and 17
corrosion vascular casts. In 6 cases of kinking and 2 of coiling, the internal carotid artery was located in
direct contact with the tonsillar fossa. No significant sex differences were found.Variations of the internal
carotid artery leading to direct contact with the pharyngeal wall are likely to be of great clinical relevance in
view of the large number of routine procedures performed. Whereas coiling is ascribed to embryological
causes, curving is related to ageing and kinking is thought to be exacerbated by arteriosclerosis or
fibromuscular dysplasia with advancing age and may therefore be of significance in relation to the

occurrence of cerebrovascular symptoms.
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INTRODUCTION

According to descriptions in most textbooks of
anatomy, the cervical part of the internal carotid
artery (ICA) runs a straight course to the base of the
skull without branching (Henle, 1868 ; Sappey, 1874
Rouviere, 1924; von Lanz & Wachsmuth, 1955;
Hafferl, 1957; Braus & Elze, 1960; Rauber & Kopsch,
1987; Benninghoff, 1994; Gray, 1995). As early as in
1868, Henle reported variations in the course of the
ICA. Based on systematic postmortem statistics and
extensive angiographic investigations, the incidence of
such variations is said to lie between 10 and 40 % of
the population, the variations usually being normally
bilateral (Cairney, 1924; Metz et al. 1961 ; Herrschaft,
1968, 1969; Brosig & Vollmar, 1974; Tillmann &
Christofides, 1995). In an overview of large series
covering more than 4000 carotid angiograms and
other reports, the incidence of ICA variations has

been calculated at 4-66% in adults and 16-43 % in
children (Desay & Toole, 1975; Leipzig & Dohrmann,
1986; Ghilardi et al. 1993; Koskas et al. 1993). Since
angiographic statistics cover a preselected population,
Brosig & Vollmar (1974) believed the percentage
incidence to be even higher.

The ICA is at risk of injury in procedures involving
the palatine tonsil (Spalteholz & Spanner, 1961;
Tillmann & Schiinke, 1993; Tillmann & Christofides,
1995; Tillmann, 1997). Tonsillectomy, drainage of
peritonsillar abscess, soft palate impalement injuries,
as well as adenoidectomy and velopharyngeoplasty,
all carry the risk of ICA injury (Scillern, 1913; Fisher,
1915; Jackson, 1933; Herrmann, 1968; Riemann,
1971; Vannix et al. 1977; Kornmesser, 1978;
Krmpotic-Nemanic, 1978; Stanton et al. 1978;
Krmpotic-Nemanic et al. 1985; Swoboda et al. 1991;
Jackel, 1997; Schumacher et al. 1998).

The origin of the different variations has been
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controversial. Some are believed to represent con-
genital vascular anomalies, others to be related to
arteriosclerotic pathology or fibromuscular dysplasia.

The present study was designed to evaluate
variations of the ICA and their frequency in the
parapharyngeal space in order to define risks for acute
haemorrhage during pharyngeal surgery and trau-
matic events as well as their possible relevance to
cerebrovascular disease. The development of the ICA
is also reviewed and the genesis of the different
variations is considered.

MATERIALS AND METHODS

The course of the ICA was studied in 164 head and
neck preparations (79 men, 85 women; 140 left side,
142 right side; age range 52-98 y) obtained from body
donors to the Department of Anatomy, Christian
Albrecht University, Kiel, Germany and the De-
partment of Anatomy, Albertus Magnus University
of Cologne, Germany. During fixation of the bodies,
and during investigation of the carotid arteries, the
head and neck of the specimens were in the anatomical
position. Fixation of the bodies was performed by
perfusion with a mixture consisting of alcohol,
formalin, distilled water, and glycerine via the right
femoral artery. This fixation process ensures that all
organs and structures, including the internal carotid
artery, will have the same relationship at necropsy as
in life. In 33 preparations only the right and in 31
preparations only the left side was suitable for
investigation. Investigations of carotid sheaths were
carried out during student dissecting courses or neck
preparation courses for surgeons. Following removal
of the heads with attached cervical soft tissues from
the vertebral column by means of exarticulation in the
atlanto-occipital position, the carotid sheaths were
prepared by dorsal access to investigate the ICA, from
its origin at the carotid bifurcation to its entry into the
base of the skull.

In addition to these preparations, 9 corrosion
vascular casts (4 men, 5 women, age range 55-77 y) of
the right and left head and neck arteries from the
scientific collection of the Department of Anatomy,
Christian Albrecht University of Kiel, Germany were
included in the investigation. The corrosion vascular
casts were obtained with the head and neck in the
anatomical position. In one preparation, only the left
side was suitable for the investigation.

In total, 282 head and neck halves were analysed.
The course of the ICA was classified as (1) straight
without curvature if the deviation from the vertical
was less than 15°, (2) curved, if the deviation was

greater than 15° and lower than 70°, (3a) kinked, if
the deviation was between 90° and 145° or, (3b)
coiled, if a loop of 360° was visible. Curving was
subdivided as predominantly medial, lateral or ventro-
dorsal. Moreover a subdivision was made into ICAs
showing a kink or a coil with or without relation to
the pharyngeal wall or tonsillar bed. No attempt was
made to correlate the length or volume of the neck
and the course of the ICA.

After analysing the topography, 7 kinks and 3 coils
were resected and a radiograph was taken to look for
calcification in the vessel wall as sign of degenerative
change.

A total of 100 head and neck halves from 25 men
and 25 women were selected at random to relate
variations in course of the ICA to age; 10 heads (5
male, 5 female) came from each defined age group
(Table 4).

RESULTS

The results are summarised in Tables 1-4. A straight
course for the ICA (Fig. 1a) was observed in 191
specimens (67.7%), with a slightly more frequent
occurrence in men (69.7 %) than in women (66 %). In
74 cases (26.2 %) the ICA showed a more (Fig. 15) or
less (Fig. 1d) curved course to the base of the skull.
The convexity of the curve was medial in 30 cases
(10.6 %) and lateral in 38 cases (13.5 %). Six specimens
(2.1%) revealed an ICA with a ventrodorsal curve
(Fig. 1b). Curvature was somewhat more frequent in
women (27.3 %) than in men (25 %).

Seventeen specimens (6%) showed pronounced
kinking or coiling (Fig. 2). In 9 cases (3.2%) this
variation was situated in the peripharyngeal space but
without a close relation to the pharyngeal wall in the
region of transition between the mesopharynx and
hypopharynx (Fig. 2a). In 8 specimens (2.8 %), the
variation was situated directly behind the tonsillar bed
of the pharynx (Fig. 2b-d). Kinking (Fig. 25, ¢) was
detected in 12 specimens (4.3 %) and coiling (Fig. 2d)
in 5 specimens (1.8 %). Similar results were found in
relation to sex, with coiling or kinking being slightly
more frequent in females (6.7%) than in males
(5.3%). No significant differences were observed in
comparisons of ICA variations between the left and
right sides.

X-ray analysis showed in all 7 kinks investigated
marked calcifications of the vessel wall in front of the
kink (Fig. 5a), whereas coiling in only one of the 3
cases was associated with calcifications of the vessel
wall. In this case only a few small calcified areas were
visible (Fig. 5b).
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Table 1. Course of the ICA related to all specimens investigated

Number of specimens Percentage
Course of the ICA N =282 100.00
1 Straight 191 67.73
2 Curved 74 26.24
Medially 30 10.64
Laterally 38 13.48
Ventrodorsally 6 2.13
3 Kinking or coiling 17 6.03
Without relation to the pharyngeal wall 9 3.19
With relation to the pharyngeal wall 8 2.84
3a Kinking only 12 4.26
Without relation to the pharyngeal wall 6 2.13
With relation to the pharyngeal wall 6 2.13
3b Coiling only 5 1.77
Without relation to the pharyngeal wall 3 1.06
With relation to the pharyngeal wall 2 0.71
Table 2. Course of the ICA related to women
Number of specimens Percentage
Course of the ICA N =150 100.00
1 Straight 99 66.00
2 Curved 41 27.33
Medially 16 10.67
Laterally 22 14.67
Ventrodorsally 3 2.00
3 Kinking or coiling 10 6.67
Without relation to the pharyngeal wall 5 3.33
With relation to the pharyngeal wall 5 3.33
3a Kinking only 8 5.33
Without relation to the pharyngeal wall 4 2.67
With relation to the pharyngeal wall 4 2.67
3b Coiling only 2 1.33
Without relation to the pharyngeal wall 1 0.67
With relation to the pharyngeal wall 1 0.67
Table 3. Course of the ICA related to men
Number of specimens Percentage
Course of the ICA N=132 100.00
1 Straight 92 69.70
2 Curved 33 25.00
Medially 14 10.61
Laterally 16 12.12
Ventrodorsally 3 2.27
3 Kinking or coiling 7 5.30
Without relation to the pharyngeal wall 4 3.03
With relation to the pharyngeal wall 3 2.27
3a Kinking only 4 3.03
Without relation to the pharyngeal wall 2 1.51
With relation to the pharyngeal wall 2 1.51
3b Coiling only 3 2.27
Without relation to the pharyngeal wall 2 1.51
With relation to the pharyngeal wall 1 0.76

Analysis of the 109 head and neck preparations in identical course of the blood vessels on the right and
which the ICAs were inspected on both sides left sides. Coiling of the ICA was found in male
(including corrosion vascular casts) revealed a nearly specimens only, on the right side, with the left side
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Table 4. Variations in course of ICA related to age

Straight Curved Kinking Coiling
Age (y) female male female male female male female male
50-60 9 8 1 — — — — 2
61-70 9 9 1 1 — — — —
71-80 6 9 3 1 1 — — —
81-90 5 4 5 4 — 2 — —
> 90 6 4 4 5 — — —

N = 100 (50 female, 50 male), N = 20 (10 female, 10 male) in each age group.

Fig. 1. Straight course and curvature of the internal carotid artery. (¢) Dorsal view of a prepared head and neck specimen (male, 66 y) showing
a straight course of the internal carotid artery (arrows). (b) Corrosion vascular cast of the head and neck area with intact skeleton of the
skull (female, 82 y) revealing an internal carotid artery with ventrodorsal curvature (arrow). (¢) Corrosion vascular cast of the head and neck
area with intact skeleton (male, 79 y). The internal carotid artery displays, in the area of the axis and atlas, a ventral curve around the
transverse process of the atlas (arrow). (¢) Dorsal view on a corrosion vascular cast (male, 79 y) showing a less curved course of the internal
carotid artery (arrow).
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Fig. 2. Dorsal views of prepared head and neck specimens showing kinking and coiling of the internal carotid artery. (a) Right side of a head
and neck preparation. The internal carotid artery (arrows) shows kinking (female, 63 y) without pharyngeal wall contact. pcm, pharyngeal
constrictor muscle. (») Kinking of the internal carotid artery (arrows) on both sides (male, 73 y). The kinked arteries are in close contact
to the pharyngeal wall. Also a close relationship to the vagus nerve is evident (arrowheads). (¢) Left side of a head and neck preparation.
The internal carotid artery (arrows) shows kinking (male, 76 y) and close contact with the pharyngeal wall. pcm, pharyngeal constrictor
muscle. (d) Looping of the internal carotid artery (arrow) with close pharyngeal wall contact in the area of the tonsillar bed (male, 80 y).

showing strong medial curvature. In female speci-
mens, coiling was visible on both sides, on the left
with a close relation to the pharyngeal wall and on the
right without such close proximity.

One corrosion vascular cast of a male head and
neck showed an ICA which, in the region of the head-
neck transition, assumed the form of a ventrally
straightened sling curving around the transverse
process of the atlas (Fig. 1¢).

Variations in ICA course related to age in 100 head
and neck halves revealed that curvature and kinking
are related to the older age group, whereas coiling
alone was seen in the 50-60-y-old group.

DISCUSSION

The present study was designed to determine the
frequency of variations of the ICA related to the
pharyngeal wall. The large number of routine pro-
cedures performed in patients in the arca of the
tonsillar fossa and the occurrence of atherosclerotic
lesions in this region make these variations clinically
relevant.

Initial clinical descriptions of lethal complications
based on injuries of aberrant ICA segments at the
lateral and posterior pharyngeal wall subsequent to
tonsillectomy and adenoidectomy came from
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Fig. 3. Schematic drawings of form and course variations of the cervical internal carotid artery. (a) straight course, (b) curved course,

(¢) kinking, (d) coiling.

otorhinolaryngologists (Scillern, 1913; Fisher, 1915;
Schaeffer, 1921; Kelly, 1925; Jackson, 1933). Injury to
the ICA during tonsillectomy may result in a life-
threatening acute haemorrhage because of tortuosity
of this vessel not apparent preoperatively and in close
relation to the tonsillar bed (Gardner, 1968;
Herrmann, 1968 ; Herrschaft, 1969; Osguthorpe et al.
1981). In this context, the distance between the
tonsillar fossa and the ICA is of considerable
relevance, particularly in children (Deutsch et al.
1995). However, tonsillectomy and adenoidectomy
are both performed almost exclusively in children and
youths, and extrapolation to these from the data of
the present study in which the ‘youngest’ subject was
52 is questionable at the least. Nevertheless, Jackel
(1997) demonstrated impressively that aberrant seg-
ments of the ICA are of clinical significance, even in
the older age group represented in our study. In this
group, the patients suffered from recurring difficulties
with swallowing and speech or increasing sensations
of a foreign body in the area of the pharynx. Injury of
the ICA in this age group can result from diagnostic
puncture or biopsy, since retropharyngeal masses in
most instances arouse suspicion of malignant disease.
Based on acute bleeding from injuries of the ICA and
of the often irremediable neurological deficits resulting
from ligation of this vessel, the term dangerous loop
of the ICA was coined (Tillmann & Schiinke, 1993;
Tillmann & Cristofides, 1995).

In addition to looping, other variations of the ICA
have been described with a somewhat confusing
nomenclature. Initially, Weibel & Fields (1965) intro-
duced a classification which is still valid today (Fig. 3).
They distinguished between (1) a straight course of the
ICA, (2) an S or C-shaped elongation with medial
and/or lateral displacement of the elongated segment,
(3) a kinking of one or more segments, and (4) coiling

of the artery which may also appear as a double loop.
Our results show a further type of variation belonging
to the group with S or C-shaped elongation. This
shows neither a medially nor a laterally displaced
segment but ventral and dorsal folding and is therefore
classified as the ventrodorsal type (Tables 1-3).

S or C-shaped elongations and tortuosities,
kinkings and loops of the ICA are thought to be
congenital anomalies (Cairney, 1924). Their genesis
can be explained in terms of the embryological
development of the branchial arch arteries (Fig. 4).
The ICA develops on both sides out of the third aortic
arch (third branchial arch artery) and the cranial part
of the dorsal aorta. According to Kelly (1925) a loop
is formed at the junction between the 2 blood vessels,
reaching its maximal extension in the fifth and sixth
embryonic weeks. Normally, the descent of the large
blood vessels and the heart into the mediastinal space
during continuous development leads to elongation
and straightening of the artery. Failure of this process,
incomplete development, or accelerated linear growth
of the artery can result in a persistence of the loop. A
looped ICA can thus be considered as representing a
rudimentary stage of development. The frequency of
such embryological developmental disturbances has
been said to vary between 5 and 10% in infancy
(Cairney, 1924; Herrschaft, 1968; Ricciardelli et al.
1989). However, nowhere in the literature is there any
proof that the variations of the ICA are in fact
congenital. On the other hand, curvature and coiling
are found in many other vessels, such as the vertebral
artery, where no embryological explanation for such
coiling can be provided. Among others, Ravensbergen
et al. (1993) studied the basilar artery in neonates and
adults and concluded that the frequently encountered
curvature of the basilar artery is related to ageing.
Wensing et al. (1995), studying the femoral artery in
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Fig. 4. Schematic drawing of the embryonic development of the branchial arch arteries. Blood vessel segments which obliterate during

development are dotted grey (modified from Braus-Elze, 1960).

various age groups using MR, found increased coiling
and kinking with age. Chilvers et al. (1974) had
described elongation and Learoyd & Taylor (1966)
attributed the phenomenon to loss of elasticity. In
many other species, the course of the ICA is regularly
curved. For example, the ICA of the seal has been
measured to be 40 times longer than the actual
distance bridged (Chauveau, 1898).

As a rule, ICA variations are symptomless and
remain undiscovered (Demme, 1901; Bergvist, 1946;
Dohrmann, 1986; Ord & Ward-Booth, 1986). With
advancing age, the variations may lead to complaints
in the context of degenerative alterations of the blood
vessels (Weibel & Fields, 1965). A possible link
between lesions of the carotid artery and cerebro-
vascular disease was first raised during observation on
clinical symptoms such as hemiplegia (Quattlebaum et
al. 1959) and cerebrovascular insufficiency (Metz et al.
1961; Derrick & Smith, 1962) associated with con-
current ICA variations. Degenerative alterations
common in subjects aged over 50 y may increase the
dimensions of the kink or coil and may include local
symptoms in the neck including discomfort and local
bruits (Schenk et al. 1996). Since the anomaly is
usually first discovered within a context of clinical
symptoms, its incidence shows an apparent statistical
preference for higher age groups (Weibel & Fields,
1965) and therefore is considered to be based on an
age-related loss of elasticity in the vessel wall
(Herrschaft, 1968). Schenk et al. (1996) believed that
only kinking of the ICA is related to old age, whereas
curvature and coiling are congenital. Our results
indicate that both kinking and curvature are features
that show an increased prevalence in old age (Table
4). Kinking is thought to be associated with ar-
teriosclerosis, stenosis, vasculitis, atrophic dilatation,
loss of elasticity, or dissection in the context of
fibromuscular dysplasia (Schenk et al. 1996). Never-

Fii

Fig. 5. (a) Radiograph of an ICA where kinking was detected.
Marked calcifications (arrows) are visible in front of the kink (male,
68 y). (b) Radiograph of an ICA where coiling was detected. Two
small points of calcification (arrow) are visible in the final part of
the loop (male, 65 y).

theless, in view of the altered fluid dynamics in the
presence of vascular curves, kinks and coils it is not
surprising that kinking is more frequently associated
with cerebrovascular disease than curving and coiling
of the ICA. In kinks, blood flow is impeded by vortex
formation, whereas with curves and coils haem-
orrhage from inadvertent injury is more likely. The
altered fluid dynamics produced by kinks may lead
more frequently to degenerative changes in the vessel
wall (Fig. 5).

With the exception of a few hints in the anatomical
literature on the variations of the ICA mentioned at
the outset, detailed descriptions of the variations have
arisen from clinical observations. According to an
evaluation of 5542 angiograms made by Herrschaft
(1969), which was based on his own results as well as
descriptions in the literature, the course of the ICA is
straight at the neck in 82.7% and arched ina C or S
shape in 12.2%. 5.1 % of the angiograms revealed an
‘extremely sigmoid, siphon, or circular ansa’. Ac-
cording to Lazorthes et al. (1961) coiling or kinking of
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the ICA and a close relationship of the variations to
the palatine tonsil is present in 20% of cases. This
result reveals a significant difference from the observed
frequency of variations as observed in anatomical
preparations. In the present observations, material
coiling or kinking was detected with a frequency of
6%. This result is compatible with the findings of
Herrschaft (1969). Although Herrschaft observed
curvature of the ICA with a frequency of 12.2 %, the
present study found curvature in 26.2%. Neverthe-
less, caution is advised when extrapolating from a
subpopulation in the dissecting room to the
subpopulation undergoing angiography, since selec-
tion factors vary for these different subpopulations.

In conclusion, the described ICA variations occur
with a frequency of 65-70% for a straight course,
25-28 % for a curved course and 5-7 % for kinking or
coiling, kinking being seen more frequently than
coiling. Similar results are found in both sexes.
Variations of the course of the ICA at the posterior
wall of the pharynx are of clinical relevance in the
context of various otorhinolaryngological operations
and other routine procedures and therefore should be
excluded before to surgery by imaging methods. This
is of particular relevance if coiling of the ICA is
assumed to be congenital. Based on our results,
variations in the course of the ICA appear to depend
on age. In this context, kinking is frequently associated
with degenerative changes of the vessel wall in
advanced age and may predispose to atherosclerotic
stenosis. It remains unclear whether coiling of the ICA
is present congenitally or acquired during life. In the
future, the noninvasive techniques now available for
imaging of the cervical arteries at any age, such as
magnetic resonance angiography, may supply new
insights.
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